Twelve strains of Clostridium botulinum type A and seven strains of Clostridium sporogenes were screened for plasmids by agarose gel electrophoresis of cleared lysates of cells from 5 ml of mid-log-phase culture. Nine type A strains had one or more plasmids of 4.3, 6.8, or 36 megadaltons (MDa); several strains showed a large plasmid of 61 MDa, but it was not consistently recovered. Four C. sporogenes strains had one or more plasmids of 4.3, 5.6, or 36 MDa. Isolates obtained from cultures of plasmid-containing C. botulinum type A strains grown in ionic detergent broth and from spontaneously arising variants were screened both for toxin production and for plasmid content. Toxigenicity of C. botulinum could not be correlated with the presence of any one plasmid.
The genetics of Clostridium botulinum toxin production is unknown except in the cases of toxin types C, and D, the production of which is mediated by specific bacteriophages (11, 12) . The toxin type of these cultures is altered when a culture is cured to its resident tox+ bacteriophage and subsequently reinfected with a phage specifying another toxin type (3) . Reciprocal conversion of toxin production of this type also occurs when Clostridium novyi type A tox+ bacteriophage infect phage-cured C. botulinum type C. The resulting lysogenic strain is identical to C. novyi type A including toxin production; however, it can be cured of phage and converted to C. botulinum type C by reinfection with the type C tox+ phage (4) .
A prophage has been implicated in the production of type A botulinum toxin (25) , but such a relationship has certainly not been firmly established. Since many C. botulinum type A strains contain plasmids (20, 23 ; P. A. Kahn and M. D. Pierson, unpublished results), their toxigenicity might be due to one or more of these plasmids. This is the case with Clostridium tetani, in which a 50-megadalton (MDa) plasmid controls production of its neurotoxin (7) , which is similar to botulinum toxin in basic structure and biological activity (24) .
In the present study, the plasmid contents of type A strains were compared with those of Clostridium sporogenes strains, an organism thought to be a nontoxigenic counterpart of the C. botulinum type A. The two species have indistinguishable biochemical activities (17, 21) , crossreacting somatic antigens (19, 22) , G-C ratios of 26 to 28%, and extensive RNA (13) and DNA (16, 18, 27) homology. In addition to comparison of the two clostridial strains, C. botulinum strains were cured of toxigenicity to see if the induced effect correlated with plasmid loss. Plasmids from E. coli were isolated by the method of Kado and Liu (14) .
Gel electrophoresis. Test samples in TE buffer were prepared for electrophoresis (14) by adding 2 ,ul of loading buffer, i.e., 0.25% bromcresol purple and 50% glycerol (vol/vol) in 50 mM Tris acetate electrophoresis buffer (40 mM Tris, 20 mM acetic acid, and 2 mM disodium EDTA brought to pH 7.9 with glacial acetic acid). Electrophoresis, in a horizontal slab gel of 1% agarose (SeaKem, ME; FMC Corp., Marine Colloids Div., Rockland, Maine) was for 2 h at 7 V/cm (Heathkit model IP-17 power supply; Heath Co., Benton Harbor, Mich.). Gels were stained for 30 min in 200 ml of Tris acetate buffer with 0.5 ,ug of ethidium bromide per ml and then destained for 5 min in running distilled water. Polaroid photographs were taken with a transilluminator (model 3-3000; Photodyne, New Berlin, Wis.), type 57 instant black-and-white film, and a Wratten 23A filter.
Since open-circle (oc) and linear (lin) forms of smaller (<10 MDa) plasmids move more slowly through most agarose gels than their intact covalently closed-circle (ccc) counterparts, multiple bands in agarose gels can represent different forms of a single plasmid (1) . The difficulty in deciphering multiple bands in a gel was resolved by reelectrophoresing the gel lanes in a direction perpendicular to the first run (10) . Lanes cut from the stained first gel were placed in a fresh gel and irradiated by holding a shortwave UV light (Mineralight UVSL-25; Ultra-Violet Products, Inc., San Gabriel, Calif.) 5 to 10 cm from the gel for 30s. The UV irradiation nicks the ccc plasmid into oc form so that in the second electrophoresis the UV-nicked form has the same mobility as the corresponding naturally nicked form in the first run. The procedure also unmasks ccc plasmid that might have comigrated with a nicked oc form of a different plasmid or with chromosomal DNA.
Molecular sizes were determined from a computergenerated parabolic standard curve based on E. coli plasmids of 80, 35.8, 3.7, 3.4, 2.6. 2.0. 1.8, and 1.4 MDa. Clostridium plasmid sizes reported are mostly the averages of at least six determinations.
Curing procedures. When 3-to 6-week-old colonies from BHI or GYPT agar plates were streaked onto fresh medium, colonies of different morphologies were often observed. Representatives of these and of normal-appearing colonies were subcultured, and their toxigenicity and plasmid content were determined.
Direct curing was by inoculating toxic strains into GYPT broth containing 0.001% DOC, incubating the culture for 24 h at 35°C, and plating dilutions of the culture on GYPT agar (25) . Subcultures for further testing were made from colonies both with normal-appearing and with altered morphology. The three toxic cultures used for curing studies were (i) strain A73, chosen because its colonies gave the clearest response in the immunodiffusion toxicity test (see below), (ii) strain 62A, chosen because its plasmids had been previously examined (20; Kahn and Pierson, unpublished results), and (iii) strain 90A, chosen because it gave the highest frequency of nontoxigenic variants.
Immunodiffusion test for toxigenicity. Isolates were screened for toxigenicity by an antitoxin overlay immunodiffusion method (5, 6) . Antitoxin was the serum of a rabbit immunized with the toxoid made by treating a solution of type A toxic crystals with Formalin. If the culture was used for plasmid studies, the immunodiffusion result was confirmed by testing the toxicity of a 4-to 5-day-old BHI culture in mice (0.5 ml intraperitoneally The requirement of only 5 ml of culture for plasmid recovery instead of 100 ml or more, as needed in previous studies (20, 23; Kahn and Pierson, unpublished results), simplified the examination of numerous strains and variants. However, the chromosomal DNA is not completely removed, and a slight background fluorescence is present in some gels.
Immunodiffusion. Isolates which were toxigenic for mice were tested in the immunodiffusion assay. To determine the optimum assay conditions, different antitoxin concentrations were tested, and the plates were read at different times after staining. The size and intensity of the immunoprecipitate halo varied with the strain, but 0.3 IU of antitoxin per ml of overlay agar was chosen as the working concentration because it allowed the earliest correct identification after staining of all toxigenic cultures ( Five bands migrated faster and one more slowly than chromosomal DNA. Two-dimensional gel electrophoresis showed that three of these bands were different forms of the two smaller plasmids (Fig. 1) . The molecular sizes of the three unique ccc plasmids were 4.3, 6.8, and 36 MDa (Fig. 2 , lane A73). The 36-MDa band is not seen in Fig. 1 The ccc plasmids of the wild-type C. botulinum cultures are summarized in Table 2 . If the 61-MDa entity is not included, three plasmids were the maximum found in any one strain. No plasmid was found in strains 69A and 11A. 
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The single plasmid of strain 19A and that of strain 3A were different in size. There was no plasmid common to all the type A strains tested. Variants of C. botulinum. Colonies of nontoxigenic variants of C. botulinum type A tended to be round and translucent, whereas toxigenic colonies were generally rough, irregular, and opaque. There were numerous exceptions, however, and colony morphology was not an adequate predictor of toxigenicity. From 5 to 12% of the colonies obtained by the DOC curing method were nontoxigenic by the immunodiffusion test.
Plasmids in isolates from DOC-treated cultures of strains A73 and 90A are illustrated in Fig. 2 . Two toxigenic isolates of A73 (lanes G and H) lacked the 4.3-MDa ccc plasmid of the parent culture (lane A73). Two nontoxigenic isolates had the 4.3-MDa but not the 6.8-and and 36-MDa ccc plasmids of the parent, but they also had a 61-and a 26-MDa band (ust above the chromosomal DNA band in lanes C and D), neither of which had been observed in the parent strain.
Some nontoxigenic isolates of strain 90A obtained with DOC had only the 26-and 61-MDa bands (Fig. 2, lanes E and  F) . The different plasmid profiles of strain 62A isolates are summarized in Table 2 , along with those of variants of strains 90A and A73.
Plasmids of C. sporogenes. Three different-sized ccc plasmids were found in the seven strains of C. sporogenes tested. Two were of the same size (4.3 and 36 MDa) as plasmids found in some C. botulinum strains; the third was a 5.6-MDa plasmid not present in the toxigenic species. No strain had all three plasmids, and three strains had none ( Table 2 ). The 6.8-MDa plasmid of the toxigenic species was not seen in C. sporogenes.
DISCUSSION
Previously reported methods for isolating C. botulinum plasmids used no less than 100 ml of culture (20, 23 ; Kahn and Pierson, unpublished results), whereas the present method requires only 5 ml. Using this method of plasmid extraction, we observed that the three intact (ccc) C. botulinum type A plasmids most prevalent were 4.3, 6.8, and 36 MDa in size. Presumably these plasmids correspond to the 3.6-, 6.2-to 6.9-, and 33.5-MDa plasmids reported by others (20, 23 ; Kahn and Pierson, unpublished results). A plasmid of 15 to 18.9 MDa has been reported (20, 23 ; Kahn and Pierson, unpublished results), but we were unable to confirm that observation although the oc form of the 6.8-MDa ccc plasmid has the mobility corresponding to that of a 17.1-MDa ccc plasmid.
A DNA band of about 61 MDa was isolated at least once from four parent cultures and two variants of these cultures.
It is probably not the oc or dimeric form of the 36-MDa plasmid, since these do not enter the 1% agarose gels used in our study. Also, the observation of the 61-MDa band in several preparations lacking the 36-MDa plasmid suggests that these two may be distinct plasmids. There is also the chance that the 61-MDa unit represents prophage DNA, since phages are common in C. botulinum strains (25) .
A unit of about 6 MDa appeared in some preparations of DOC-induced variants of-two type A strains which had been partially cured of plasmids. If this unit were present in parent strains but masked by contaminating chromosomal DNA, it should have been revealed during two-dimensional electrophoresis, but was not. The origin of this plasmid is unknown. One possibility is that the DOC treatment results in the deletion of a portion of the 36-MDa plasmid, yielding the 26-MDa band. Hybridization analysis could confirm this possibility.
The comigration of two of the three C. sporogenes plasmids with two plasmids from C. botulinum type A strains is in agreement with the view that the two species are genetically related (16, 18, 27) . A previous study (Kahn and Pierson, unpublished results) found one or more plasmids of approximately 10, 25, or 40 MDa in three of six strains examined. We also found plasmids in about half (4 of 7) of the C. sporogenes strains we examined. However, in another study (23) , no plasmid DNA was found in any of the nine C. sporogenes strains examined, including four having the same designations as four of those used in the present study. In three of these four strains, we found no plasmids, either, but in strain 4472, a plasmid of 5.6 MDa was observed. This difference may be due to different sources for the strains, plasmid loss from some strains, or an inappropriate plasmid isolation method being employed in the other study.
Toxicity of C. botulinum is normally assayed by growing the strain to be tested in a liquid medium and showing that the culture fluid is lethal to mice by the intraperitoneal injection route. The method is not well suited for examining many cultures because of the expense and difficulties of using mice. A variation of the immunodiffusion method devised by Ferreira et al. (5, 6) , in which antitoxin was incorporated only in the agar overlay, proved satisfactory for a strain screening program. It provided a 100% accurate identification of toxigenic colonies.
In curing the strains of toxicity, we initially relied on colony morphology changes as an indicator of potential nontoxigenic derivatives. Takumi et al. (25) reported that nontoxigenic colonies of type A strain 190L were large, opaque, and white. Though we did observe different colony morphologies after plating broth cultures treated with detergents, opaque white colonies were infrequent, and in some strains, the normal colony was large, opaque, and white. Spontaneous variants of unusual colony morphology were also screened for toxicity by the immunodiffusion test or for plasmids or for both. We found that colony morphology was not a reliable indicator of toxigenicity. Because of this finding, we tested both normal and unusual colony types by the immunodiffusion assay to identify the nontoxigenic variants.
Though a frequency of generation of nontoxigenic variants for strain A19OL of up to 94.4% was reported (25) , our frequency of curing was not so spectacular (only 5 to 12%).
This difference could be due to differences in the strains used or to other unidentified factors.
If strain Af is assumed to be type A, then plasmids were found in 9 of 12 toxigenic type A strains, a frequency not significantly different from the 12 of 15 strains previously reported (20, 23; Kahn and Pierson, unpublished results). Since approximately 22% of the strains examined so far have no observable plasmids, it seems unlikely that plasmids are responsible for toxin production unless a system such as that observed in Bacillus thuringiensis exists. Genes for B.
thuringiensisc-endotoxin were found both on a plasmid and in the chromosome in B. thuringiensis subsp. kurstaki (9) , while the c-endotoxin genes in B. thuringiensis subsp. thuringiensis, B. thuringiensis subsp. alesti, B. thuringiensis subsp. galleriae (8) , and B. thuringiensis subsp. israelensis (26) 
